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(57) ABSTRACT

A method for transmitting useful information between a
transmitting terminal and a receiving terminal connected via
a transmission channel. The transmitting terminal defines
control information for the useful information, and searches
in an association table, which 1s accessible from the trans-
mitting terminal, for a frame-synchronization word associ-
ated with the control information. The transmitting terminal
generates a frame of data from the useful information, and
transmits, over the transmission channel, a data stream that
includes the frame-synchronization word and the frame of

data.
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METHOD FOR TRANSMITTING USEFUL
INFORMATION BETWEEN TWO
TERMINALS AND METHOD FOR

GENERATING AN ASSOCIATION TABLE
USED IN THE CONTEXT OF THE

TRANSMISSION

RELATED APPLICATIONS

This application 1s a §371 application from PCT/FR2013/
052341 filed Oct. 1, 2013, which claims priority from
French Patent Application No. 12 59283 filed Oct. 1, 2012,
cach of which 1s herein incorporated by reference in 1ts
entirety.

TECHNICAL FIELD OF THE INVENTION

The invention relates to a method for transmitting usetul
information between a transmitting terminal and a receiving
terminal linked by a transmission channel. The invention
also relates to a method for generating an association table
used 1n the context of the transmission.

The 1nvention 1s particularly advantageously applicable
for transmitting short useful mformation (less than 1 kilo-
bytes) and/or for transmitting useful information with a low
bit rate (for example with a bit transmission frequency of
less than 1 KHz). The invention could however be applied
to higher bit rate links and to longer useful information.

The typical useful information size corresponds to mes-
sages of datagram type, 1n unconnected mode, of from a few
bytes to a maximum size of less than 1 kilobytes (8 Kbits).
The messages are typically transmitted at low bit rate (<1
kbit/s) and low frequency: a few messages per hour. The

invention relates more particularly to discontinuous trans-
missions.

BACKGROUND OF THE INVENTION

A useful information item can generally be transmitted
between a transmitting terminal and a receiving terminal in
a plurality of transmission formats. For example, a useful
information i1tem can be transmitted by using a number of
possible modulations (BPSK, DBPSK, OPSK, 16QAM,.,
ctc.) and/or a number of possible types of error correcting
codes and/or a number of possible redundancy levels, etc.
Furthermore, it 1s also possible to allow the transmission of
useiul information 1tems of diflerent sizes.

In order to facilitate the reception of a useful information
item by the receiving terminal, 1t 1s known practice to
transmit, between the transmitting terminal and the receiv-
ing terminal, control information items relating to the trans-
mission format used by the transmitting terminal (size of the
uselul information 1tem, modulation, error correcting code,
redundancy/punching rate, etc.).

It 1s understood that, 1f the control information items are
not correctly interpreted by the receiving terminal, the
transmission format used by said receiving terminal to
interpret the useful mformation 1tem will be different from
the transmission format actually used by the transmitting
terminal, such that the useful information 1tem will not be
correctly interpreted by said recerving terminal. To remedy
this problem, the control information items are generally
made reliable, for example by using a modulation with
predefined low spectral efliciency and/or by using an error
correcting code with a predefined high redundancy level,
etc.
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Furthermore, in a multiple access network, i which
multiple and independent transmitting terminals have the

initiative for the moment of transmission, means have to be
implemented to make 1t possible to accurately detect, 1n a
data stream, the start of the usetful information item. As 1s
known, the preamble contains a synchronmization word,
called “frame synchronization™ word, 1dentifiable by all the
receiving terminals. For example, each receiving terminal
which receives the data stream performs a sliding correlation
of the frame synchronization word over the data stream.
When the maximum result of the correlation exceeds a
predefined threshold, 1t 1s considered that the frame syn-
chronization word 1s present in the data stream, at the
position that made it possible to obtain said maximum result.
The detection of the position of the frame synchronization
word enables the receiving terminal to know the start of the
useful mnformation i1tem in the data stream.

In the transmission of a useful information item between
a transmitting terminal and a receiving terminal, the useful
information item can thus be preceded by a preamble
containing both a frame synchronization word and control
information items. The size of the preamble can be consid-
erable compared to the size of the usetful information item,
especially for short useful information items and/or when
the control information i1tems have a high redundancy level
for reliability purposes. Now, the effectiveness of the use of
a frequency band decreases as the ratio between the size of
the preamble and the size of the useful mmformation item
increases. This 1s all the more detrimental 11 the frequency

band used for the transmissions 1s narrow, for example of the
order from a few hertz to a few hundreds of hertz.

OBJECT AND SUMMARY OF THE INVENTION

The mvention proposes limiting the size of the preamble
in a transmission by introducing a plurality of frame syn-
chronization words which, while being adapted to allow an
ellective detection of the useful information item in a data
stream, represent distinct respective control information
items.

According to a first aspect, the invention relates to a
method for transmitting a useful information 1tem between
a transmitting terminal and a receiving terminal linked by a
transmission channel, characterized in that the transmitting
terminal 1mplements the steps of defining a control infor-
mation item for the useful information, searching in an
association table, accessible from the transmitting terminal,
for a synchronization word, called frame synchronization
word, associated with the control information item, said
association table comprising a plurality of frame synchro-
nization words associated with distinct respective control
information items, generating a data frame from the useful
information 1tem, and sending, over the transmission chan-
nel, a data stream comprising the frame synchronization
word and the data frame.

The invention makes 1t possible to limit the size of the
preamble by incorporating all the control information i1tems
in the frame synchromzation word. According to the prior
art, there was just one frame synchronization word of length
L., concatenated with a control information item of length D,
such that the preamble was of length (L+D). According to
the invention, a plurality of frame synchronization words of
length L are considered, respectively representing different
control information items, such that the preamble 1s of
length L, provided that the length L 1s suflicient to distin-
guish all the possible control information items. The mmven-
tion thus makes 1t possible to reduce the size of the preamble
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and improve the eflectiveness of the use of a frequency band.
This improvement 1s particularly significant 1f the useful
information items are short and/or 1f the frequency band
used 1s narrow.

Advantageously, the recerving terminal implements the
steps of receiving the data stream, searching, in the data
stream, for the presence of each frame synchromzation word
ol an association table accessible from the receiving termi-
nal, and, when a frame synchronization word has been
detected in the data stream, searching, in the association
table, for the control information item associated with the
detected frame synchronization word, and extracting the
useful imformation item from the data stream using the
control information item.

Advantageously, the step of searching for the presence of
cach frame synchronization word of the association table
comprises the steps of moving a sliding window over the
data stream, and, for each position of the sliding window,
calculating the correlation between the content of the sliding
window and each frame synchronization word of the asso-
ciation table, the detected frame synchronization word cor-
responding to the frame synchronization word of the asso-
ciation table for which the maximum value of all the
correlations and of all the positions of the sliding window
has been reached.

Advantageously, when the correlation between the con-
tent of the sliding window and a frame synchronization word
1s above a threshold, said frame synchronization word 1is
saved and the step of searching for the presence of each
frame synchronization word of the association table to detect
1s stopped. This makes 1t possible to limit the frame syn-
chronization word processing operations.

According to a second aspect, the invention relates to a
method for generating an association table between frame
synchronization words and control information items, char-
acterized 1n that 1t comprises the steps of defining all the
possible control mnformation 1tems, defimng a set of frame
synchronization words according to the number of possible
control mformation items, and associating, with each pos-
sible control imformation item, a frame synchronization
word contained 1n the set of frame synchronization words.

Advantageously, the step of defining a set of frame
synchronization words comprises the steps of defining a
length of frame synchromization word according to the
number of possible control information items such that said
length 1s suflicient to distinguish all the possible control
information items, listing a set of permutations of a word of
said length so as to obtain a set of raw words, filtering the
set of raw words so as to obtain the set of frame synchro-
nization words. The aim of the filtering 1s to eliminate the
raw words which do not satisiy a predefined error resistance
criterion.

In other words, the filtering makes 1t possible to select the
frame synchronization words that are weakly correlated
together so as to obtain a set of frame synchronization words
that observe the predefined acceptable error criteria, such as,
for example, the error tolerance.

Advantageously, the step of filtering the set of raw words
comprises the steps of calculating, for each raw word, a
sliding correlation between the raw word and an association
word comprising the raw word concatenated with a refer-
ence word, calculating a ratio between an absolute maxi-
mum of the correlation and a local maximum of the sliding,
correlation immediately below said absolute maximum, and
deleting from the set of raw words all the raw words for
which the ratio 1s below a predefined threshold.
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Advantageously, the step of calculating a sliding correla-
tion between the raw word and an association word com-
prises the steps of, as long as the number of realization 1s less
than a predefined number of realization, randomly generat-
ing a reference word, generating an association word by
concatenating said reference word with the raw word, cal-
culating a sliding correlation between the raw word and the
association word, and saving the values of the sliding
correlation, when the number of realization 1s reached,
calculating an average of the values of the sliding correla-
tion.

Advantageously, the step of filtering the set of raw words
comprises the steps of calculating, for each raw word, the
number of different bits between this raw word and the other
words of the set of raw words, and, when the result 1s below
a threshold, deleting from the set of raw words one of the
two raw words compared.

Advantageously, the step of filtering the set of raw words
comprises the steps of calculating, for each raw word, a
sliding correlation between the raw word and an association
word comprising the raw word concatenated with a refer-
ence word, calculating a ratio between an absolute maxi-
mum of the correlation and a local maximum of the sliding
correlation immediately below said absolute maximum, and
deleting from the set of raw words all the raw words for
which the ratio 1s below a predefined threshold, calculating,
for each remaining raw word, the number of different bits
between this raw word and the other words of the set of raw
words, and, when the result 1s below a threshold, deleting
from the set of raw words one of the two raw words
compared.

Thus, 1n the particular case in which the preamble of the
frame consists of the concatenation of a reference word and
of a frame synchronization word as defined above, the
method for generating the association table takes into
account this reference word. In other words, 1n this particu-
lar case, the frame synchronization words for establishing
the association table are generated according to this refer-
ence word. In practice, this reference word can, for example,
be a so-called bit synchronization word, generally consisting
of an alternation of zeros and ones representative of the
transmission bit rate. This bit synchronization word notably
enables the receiver to find the sampling instants, the carrier,
etc.

The generation method described above therefore has the
advantage of being able to be adapted to any reference word
which will have to precede the frame synchronizations word
in the frame to be sent.

The generation method also has the advantage of being
able to generate frame synchronization words which are
optimized in terms of size relative to the number of possible
combinations between the control information items.

Thus, the invention according to this second aspect there-
fore has the advantage of making it possible to generate and
select frame synchromization words as defined above,
according to a certain number of predefined acceptable
criteria, such as, for example, the acceptable level of toler-
ance to errors 1n each of the frame synchronization words,
the maximum size of the preamble, to be adapted, for
example, to low bit rate transmissions.

In particular, the frame synchronization words generated
by the method of the invention make it possible to obtain,
notably in the case 1n which a reference word will have to
be contained 1n the preamble, a preamble of minimum size
which encodes a maximum of control information 1tems and
which offers a maximum of protection against transmission
CITors.
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BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood on reading the
tollowing description, given as a nonlimiting example, and
with reference to the figures which represent:

FIG. 1: a schematic representation of a transmission of a
useful information item between two terminals;

FIG. 2: a flow diagram of the steps of transmission of a
usetul information 1tem according to one embodiment of the
invention;

FIG. 3: a flow diagram of the steps of reception of a usetul
information 1tem according to one embodiment of the inven-
tion;

FIG. 4: a schematic representation of a method for
extracting the control information items according to one
embodiment of the invention;

FIG. 5: a flow diagram of generation of an association
table according to one embodiment of the invention; and

FIG. 6: a schematic representation of the method for
filtering the raw words to construct the set of frame syn-
chronization words according to one embodiment of the
invention.

In these figures, 1dentical references from one figure to
another denote 1dentical or similar elements. For reasons of
clanity, elements represented are not to scale unless stated
otherwise.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a communication between a transmitting
terminal 10 and a receiving terminal 11 over a transmission
channel 12. The transmission channel 12 can be of any
known type, radio frequency, wired, optical, etc. The trans-
mission channel 12 makes 1t possible to transmit a usetul
information i1tem 15 1n the form of a data stream 14 in the
direction 27. As a vanant, the transmission channel 12 can
also allow the communication 1n both transmission direc-
tions.

The transmitting terminal 10 and the receiving terminal 11
have access to an association table 20 containing frame
synchronization words 16 respectively associated with dis-
tinct control information items 26. FIGS. 2-4 detail the steps
of transmission of the useful information 1tem 15.

At first, the useful information item 15 1s contained on the
transmitting terminal 10. Depending on the transmission
format (see above) desired for the transmission of the useful
information item, a control information item 26 i1s defined
(step 90). The control information 1tem 26 can be: the size
31 of the usetul information item 15, the retransmission
index, the scrambling mode, the flag of encryption of the
usetul information 1tem 15, the protocol version, in short, all
pre-requisite essential information for the extraction of the
data, according to the protocol considered.

The control information item 26 comprises one or more
parameters and there are as many control information items
26 as there are possible combinations of parameters.

The control information 1tems 26 are pre-established 1n an
association table 20 1n which each possibility of the control
information items 26 corresponds to a frame synchroniza-
tion word 16. As a variant, some of the parameters of the
transmission format used can be transmitted conventionally
in the form of a control nformation item transmitted
between the frame synchronization word 16 and the usetul
information 1tem 15 (for example, 1f this portion of param-
eters represents an excessive number of combinations, that
1s to say a number of frame synchronization words that 1s too
great to search for on the receiving terminal). Upon the
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transmission ol a useful information item 15, the {frame
synchronization word 16 1s extracted (step 91) from the
association table 20 according to the control information
items 26.

In order to send the useful information 1tem 15 over the
transmission channel 12, the usetful information 1tem 15 1s,
for example, converted (step 92) into the form of a data
frame 17. When the transmission includes a modulation, a
frequency synchronization word, called bit synchronization
word 21, can also be generated (step 94). The bit synchro-
nization word 21 and the frame synchronization word 16
then constitute the preamble of the data frame 17.

The preamble 1s concatenated (step 95) with the data
frame 17 thus forming a data stream 14. The data stream 14
1s modulated (step 96) belore being sent (step 97) over the
transmission channel 12.

For a transmission of a modulated data stream 14, the
receiving terminal 11 recerves (step 101) a set of symbols.
The search for and the analysis of (step 102) the bat
synchronization word 21 makes 1t possible to perform the
demodulation (step 103) of all the symbols recerved. To
define the position of the useful mmformation 1tem 15, the
frame synchronization word 16 1s searched for (step 104) by
a sliding window 22 being moved over the data stream 14.

For each position of the sliding window 22, the receiving
terminal 11 calculates the correlation of the content of the
sliding window 22 with all the frame synchronization words
16 of the association table 20. The highest result of the
correlation 1s saved as well as the corresponding frame
synchronization word 16. If the result 1s above or equal to a
threshold, for example 1, the frame synchronization word 16
1s 1dentified (step 107) and the control information items 26
are extracted (step 108) from the association table 20. Using
the control information items 26, the receiving terminal 11
can thus extract and correct (step 109) the information 15.
Otherwise, if no frame synchronization word 16 1s clearly
identified (step 106), the sliding window 22 is shifted over
the data stream 14. At the end of all the shifts of the sliding
window 22, the frame synchronization word 16 1s 1dentified
by the maximum correlation result. On the other hand, 11 this
result 1s below a threshold, the frame synchronization word
16 1s not saved and the transmission i1s considered to be
errored. The receiving terminal 11 can then ask the trans-
mitting terminal 10 to resend the data stream 14.

FIG. 4 shows the structure of the data stream 14 which 1s
sent over the transmission channel 12. The data stream 14
comprise the bit synchronmization word 21 followed by the
frame synchromzation word 16 as well as the data frame 17.
FIG. 4 also shows, schematically, the process of decoding of
the useful information item 15 described 1n the form of a
flow diagram in FIG. 3.

The mvention also relates to the generation of an asso-
ciation table 20 described with FIGS. § and 6. In the
example of FIG. 5, the association table 20 1s generated
according to a plurality of predefined parameters (step 110)
such as a maximum size of the useful information 1tem 15
which can be transmitted. All the possible control informa-
tion 1tems 26 are listed (step 111) and, based on the number
of possible control information i1tems 26, a set of frame
synchronization words 16 1s defined. Each possible control
information 1tem 26 1s associated (step 113) 1n the associa-
tion table 20 with a frame synchronization word 16.

To define this set of frame synchronization words 16, a
length L of the frame synchronization words 16 1s calculated
(step 120) according to the number of possible control
information items 26. A set of permutations 1s then searched
(step 121) for this length L forming a set of raw words 40.
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As a varniant, all the permutations are searched. For each raw
word 40, a shding correlation 1s calculated (step 122)
between the raw word 40 and an association word 41
comprising the raw word 40 concatenated with a reference
word 42. The expression “sliding correlation” should be
understood to mean the calculation of the correlation
between the content of a sliding window, being moved over
the association word 41, and the raw word 40. This sliding
correlation makes 1t possible to obtain a correlation value for
cach position of the sliding window.

Preferably, the reference word 42 corresponds to the bit
synchronization word 21 used 1n the preamble of the data
stream 14. As a vanant, the calculation of the sliding
correlation 1s performed over a plurality of realizations with
a plurality of reference words 42 generated randomly so as
to provide an average correlation.

FIG. 6 shows that the result of the sliding correlation
exhibits a first maximum, called absolute maximum maxl,
equal to 1 when the raw word 40 1s compared with 1itself. A
second maximum, called local maximum max2, appears
when a large number of bits are similar between the raw
word 40 and the association word 41. The ratio between the
absolute maximum maxl and the local maximum max2
immediately below the absolute maximum max1 is calcu-
lated (step 123) and gives an account of the number of bits
which can be errored in the transmission without compro-
mising the detection of a frame synchronization word 16.
Thus, all the raw words 40 for which the ratio 1s below a
predefined threshold are deleted (step 124).

The remaining raw words 40 are {iltered to eliminate the
raw words 40 that are too close, that 1s to say those for which
the number of different bits 1s below a threshold. For
example, the proximity of the raw words 40 1s measured
(step 125) by the Hamming distance and when the distance
1s below the threshold, one of the two raw words 40 1s
deleted (step 126). The frame synchronization words 16 are
selected from the raw words 40 to produce the association
table 20. The frame synchronization words 16 are therefore
selected to limit their transmission errors.

The mvention thus makes 1t possible to limit the number
of data which are sent to accompany and secure the trans-
mission ol the useful mformation item 15. Although the
invention requires all the terminals to have access to an
equivalent association table 20, the invention 1s particularly
ellective for the transmissions of short useful imformation
items and for transmissions at low bit rate. Furthermore, the
means for generating and selecting the frame synchroniza-

tion words 16 makes 1t possible to secure the transmission of
the control information items 26.

The invention claimed 1s:

1. A method for generating an association table between
frame synchromzation words and control information 1tems,
comprising the steps of:

defimng all possible control information items;

defiming a set of frame synchronization words according

to a number of possible control information 1tems by:

defining a length L of the frame synchronization word
according to the number of possible control infor-
mation 1items such that the length L 1s suflicient to
distinguish all the possible control nformation
1tems:
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listing a set of permutations of a word of the length L
to obtain a set of raw words; and

filtering the set of raw words to obtain the set of frame
synchronization words; and

associating, with each possible control information 1tem,

a frame synchronization word in the set of frame
synchronization words.

2. The method as claimed 1n claim 1, wherein the step of
filtering the set of raw words comprises the steps of:

calculating, for each raw word, a sliding correlation

between said each raw word and an association word
comprising said each raw word concatenated with a
reference word:;

calculating a ratio between an absolute maximum of the

sliding correlation and a local maximum of the sliding
correlation immediately below the absolute maximum;
and

deleting from the set of raw words all raw words for

which the ratio 1s below a predefined threshold.

3. The method as claimed in claim 2, further comprising,
the step of calculating a sliding correlation for a number of
realization less than a predefined number of realization by:

randomly generating the reference word;

generating the association word by concatenating said

reference word with said each raw word;

calculating the sliding correlation between said each raw

word and the association word;

saving values of the sliding correlation 1n response to

determining the number of realization equals the pre-
defined number of realization; and

calculating an average of the values of the sliding corre-

lation.

4. The method as claimed 1n claim 1, wherein the step of
filtering the set of raw words comprises the steps of:

calculating, for each raw word, a number of different bits

between said each raw word and other words of the set
of raw words; and

deleting from the set of raw words one of two words

compared 1n response to determining a result of the
calculation of the number of different bits 1s below a
threshold.

5. The method as claimed 1n claim 1, wherein the step of
filtering the set of raw words comprises the steps of:

calculating, for each raw word, a sliding correlation

between said each raw word and an association word
comprising said each raw word concatenated with a
reference word;

calculating a ratio between an absolute maximum of the

sliding correlation and a local maximum of the sliding
correlation immediately below the absolute maximum;
and

deleting from the set of raw words all raw words for

which the ratio 1s below a predefined threshold;
calculating, for each remaining raw word, a number of
different bits between said each remaining raw word
and other words of the set of raw words; and
deleting from the set of raw words one of two words
compared 1n response to determining a result of the
calculation of the number of diflerent bits 1s below a

threshold.
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